THE aim of these experiments was to throw light on the development of immunity in calves vaccinated with BCG by the intravenous route. Buxton and Griffith (1933), and Glover (1935) , showed that calves resisted an intravenous injection of virulent tubercle bacilli better after an intravenous injection of BCG than after an intratracheal or subcutaneous one.
appeared from the tissues before the fourth month. The remaining three calves continued to react to tuberculin for several months although with decreasing intensity. Two were completely resistant to oral administration of virulent tubercle bacilli seven to ten months after vaccination, while the third, although it became infected after thirteen months, possessed a greater degree of resistance than unprotected controls.
In addition to the persistence of immunity after a primary injection, attention was directed to the effects of reinforcing doses of BCG. A second dose of 100 mg. BCG, given to calves at six, nine, and twelve months respectively, after the initial injection, definitely reinforced the immunity. Often, however, the second injection induced a severe reaction, which in two instances was followed by the death of the calf. It seemed, therefore, that if the pulmonary tissue was in this high state of sensitivity, a large proportion of the vaccinating dose might be rejected. It has not been possible to test this point in calves but the rabbit experiments described below, in which reinoculation was carried out at various intervals, suggest that this does occur.
The main object of this investigation, therefore, was to study the genesis and fate of the lesions produced in rabbits by single and repeated doses of BCG, with the hope that the results might throw some light on the immunity developed in the calf after vaccination with BCG. It was also hoped that additional information might be obtained about the formation of the tubercle. Huebschmann (1928) , Cunningham and Tomkins (1928 and , Sabin, Doan, and Forkner (1930) , believe that the entire development of the tubercle is an exudative process, all the cellular constituents being derived from the blood and that the lipoids of the tubercle bacillus contain a maturation factor for the monocytes and epithelioid cells. Krause (1927) contends that it is essentially a proliferative process, and states that although leucocytes, red blood cells, &c. may enter into the structure of the nodular tubercle, they are not an essential part of this lesion. Pagel (1932) has shown that some tubercles begin in exudation but later elicit a proliferative response, and that others are essentially proliferative from the beginning.
The origin of the fibrous tissue in the tubercle is also debatable. Does it grow in by proliferation of the surrounding fixed mesenchyme cells? Are the mononuclear phagocytes and their derivatives, the epithelioid cells, capable of forming it? (Maximov, 1935) . Or is it a precipitation process arising from the production of a specific factor from the vascular endothelium and other mesenchyme cells ? (Day, 1936) .
Many workers have shown that BCG may produce tubercles. Lurie (1934) stated that BCG organisms are soon destroyed in the body after inoculation, for although the injection of 1 to 2 mg. produced typical tuberculous lesions in the lungs of rabbits, within two months the lesions and bacilli had disappeared. The destruction of the bacilli usually coincided with the development of hypersensitivity. Rosenthal (1936) made intracardiac injections of 10 to 15 mg. BCG into guineapigs and showed that distinct lesions could be found in the lungs after a few hours. The nodules which formed were initiated either by an accumulation of leucocytes or by a proliferation of epithelioid cells. By the end of the first week typical tubercles made their appearance. Their regression was accompanied by the entrance of lymphocytes and the lesions disappeared within one to three months. Fibrosis was rare and caseation and necrosis were absent. The histological differences of lesions after intracutaneous injection of BCG and virulent tubercle bacilli have been described by Pagel (1929) .
Method8.-Ninety rabbits were injected intravenously with graded doses of BCG ranging from 0-005 to 10 mg. Most of the animals have been killed at intervals from 24 hours to 290 days, but the experiment is not yet finished. Various organs were examined histologically and attempts were made to recover the organisms from the lungs by cultural methods.
Synopsi8 of reults.-Within twenty-four hours of the injection of 5 to 10 mg. BCG, innumerable cellular foci were discernible in the lungs. These foci, containing clumps of acid-fast bacilli, formed septal thickenings which had apparently followed the lodgment of the bacilli in the capillary walls. The cell aggregations consisted of polymorphonuclear leucocytes and phagocytes, and appeared responsible for the initial localization of the bacilli. The polymorphonuclear leucocytes took no further part in the formation of the tubercle. By proliferation of the fixed mesenchyme cells and/or by localization, and subsequent proliferation, of monocytes, these septal thickenings increased in size and by the sixth day formed considerable bulges abutting, but not exuding, into the alveolar spaces, so that at this stage the lesions were thus strictly intracapillary. By further cellular proliferation in an intramural direction the classical tubercle made its appearance between 12-21 days, when the lungs were riddled with such lesions. In the centre of the tubercles there was a conglomerate mass of epithelioid cells and at the periphery a well-marked zone of lymphocytes. Polymorphonuclear leucocytes were either scanty or absent. Necrosis was present in only a small proportion of the tubercles and Langhans's giant cells were few and not necessarily associated with necrosis. (Medlar (1926) , Day (1934) , and others have contended that giant-cells in a spontaneous tubercle are post-necrotic in development). The margin of the tubercle projecting into the alveoli was composed of alveolar epithelium which, at a later stage, often showed a distinct metaplastic cubical transformation. Many of these mature tubercles, which were first seen within two or three weeks of the injection, persisted, and were present, though in comparatively small numbers, in the lungs of rabbits killed as late as 205 days after injection. Many must have regressed, therefore, at a relatively early stage. As Rich (1929) has stated, in connexion with the fate of some tubercles in the progressive disease, the 'cells appear simply to separate and wander off after the bacilli have died or been destroyed. Nevertheless, tubercles persist in the lungs of these rabbits long after bacilli can be recovered by culture, and the reason for this persistence is therefore at present unknown. No fibrosis was seen at any stage by ordinary stains, but by using a special silver impregnation method for reticulum, e.g. Wilder (1935), a well-marked argyrophile fibrillary network was seen enmeshing the tubercles in the lungs of rabbits killed as early as 21 days after injection. This formed a thick felt-work at the periphery of the tubercle (the fibres here anastomosing with the normal pulmonary and vascular reticulum), with numerous fibrils ramifying between the epithelioid cells and penetrating into the centre. In the later stages (e.g. in the lungs of rabbits killed 114-205 days after injection), this fibrillary basket-work was an outstanding feature of the tubercles. The subsequent fate of this process is still to be determined. As no small scar-like foci of such fibrils can be seen in the lungs in the late stages, this proliferation of argyrophil fibres may also be a reversible process. As other workers have suggested, most of these tubercles in the lungs probably resolve completely within a few months, but they may persist as long as 205 days after injection-much longer than has hitherto been suspected. In three animals which were killed 290 days after injection of 10 mg. BCG, no lesions could be determined in the lungs.
In those tubercles which had persisted, increased vacuolation of the epithelioid cells, the appearance of tissue crevices between these cells, and the entrance of blood-cells, appeared to be progressive changes. In such cases many epithelioid cells appeared to have wandered into the neighbouring alveoli.
The mechanism by which necrosis occurs in some of the tubercles is unknown. It is almost certainly not a case of tissue ischaemia caused by an avascular condition of the tubercles, as has been suggested by many workers in the case of tuberculosis.
The lesions in the tracheobronchial lymph nodes never reached the same intensity as in the lungs. In the early stage the nodes were macroscopically swollen, and histologically the essential change appeared to be an intense sinus catarrh, the sinusoids being filled with solid masses of macrophages (desquamated and proliferated littoral cells). No caseation occurred, and the glands in the late stages were unichanged.
Variations in the lesions in the lungs of rabbits injected with smaller doses of BCG than 5 mg. were purely quantitative. For example, n1o lesions could be seen in the organs of rabbits killed 20, 34 and 44 days after the injection of 0*005 mg. BCG.
The reinoculated rabbits varied considerably in their response to the second dose. Most of the rabbits reinjected as early as 21 days, and as late as 114 days, after the initial injections were not severely affected but a small number died. Some showed acute respiratory distress and died within 24 hours, but in others there was a latent period of about 7 days before this reaction. The lungs in all these animals were voluminous, dark reddish-grey in colour, and consolidated throughout. Histologically, the outstanding feature was the intense exudation into the alveoli of red blood corpuscles and cells indistinguishable from the epithelioid cells. The same type of pneumonic lesion has been observed in the lungs of calves which died under similar circumstanices. In the-lungs of those animals which survived the reinoculation and were killed at varying intervals, the reaction was similar in type to that which followed the initial dose.
Acid-fast bacilli could be demonstrated in the tubercles in sections of the lungs as late as 114 days after injection, but most of these must have been dead, as the organism could not be recovered by cultural methods after 62 days.
The experiments suggest that in the case of calves there is a considerable degree of resistance long after the " vaccinating " organism has disappeared, unless it is postulated that a few " vaccinating " bacilli persist but are not recoverable by culture. While the mechanism of this immunity is at present unknown, it might be tentatively suggested that the protection is associated with a tissue reaction like that discernible in the lungs of rabbits many months after the intravenous injection.
In revaccination experiments in calves, it is possible that the BCG organisms are very rapidly eliminated from the body, and that the immunity results from the marked cellular response which they evoke.
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